Introduction {#Sec1}
============

Gold is one of the initial metals that have been originated. It has appealed the researchers owing to its unique properties and extended implementations. In technology, gold is used as an organic photovoltaic, drug delivery in nanotechnology (medical implementation) and catalysis. However, in the present study we concentrate on gold particles of nanosizes. Gold nanoparticles (AuNP) also named as colloidal, a suspension of nanometer-sized gold particles in a carrier fluid. They consist of a Au core and a surface coating. The evaluation of colloidal gold started with the work of Michael Faraday in 1850s \[[@CR1]\]. Later on, in 1857, Faraday researched the optical characteristics of colloidal gold. He composed the fundamental sample of colloidal gold or (AuNP) which he specified as activated gold \[[@CR2]\]. He observed that colloidal solution has possibly two colors (sharp red or yellowish) relying on its dimension \[[@CR3], [@CR4]\]).These properties are due to interaction with light studied by Jain et al. \[[@CR5]\]. Hurst and Sarah \[[@CR6]\] investigated that gold nanoparticles can be used in drug delivery. Their properties are adjustable by uttering the size, shape and surface chemistry. In addition to Au core, a protective coat which surrounds the core can also be modified to control particle stability and solubility. Sohyoung Her et al. \[[@CR7]\] studied an experimental mechanism of gold nanoparticles for application in cancer radiotherapy. Doxorubicin/gold nanoparticles for cancer therapy through the enhanced tumor targeting were experimentally investigated by Kim et al. \[[@CR8]\]. Lodice et al. \[[@CR9]\] enhanced photo-thermal cancer therapy by gathering gold nanoparticles in form of nanostructure. Gold nanoparticles have been used in electronics as conductors in printable inks, electronic chips and resistors. In hyperthermia therapy, the particles heat up when light of wavelengths from 700 to 800 nm is applied to a tumor accommodating gold nanoparticles and kill up the targeted cells. \[[@CR10]--[@CR12]\] investigated gold nanoparticles as an agent for cancer therapy. Hainfeld et al. \[[@CR13]\] used (AuNP) for the first time to amplify radiation dose. They introduced 1.9-nm (AuNP) into mice having cancer in the thighs and then expose the tumor to radiation 2 mints later. Recently, dose amplification in MDA-MB-231 breast cancer cell is discussed by Jain et al. \[[@CR14]\]. Huang and El-Sayed \[[@CR15]\] discussed implementations in cancer diagnosis and treatment. In Fig. [1](#Fig1){ref-type="fig"}, gold nanoparticles are shown with its applications in cancer therapy. Fig. 1Application of gold nanoparticles in cancer therapy

However, gold nanoparticles are rarely used for studying heat transfer rate due to mixed convection. Although mixed convection occurs in many industrial and technological processes such as chemical processing, food processing industry, nuclear reactors, electronics cooling technology and thermal insulations, the studies on gold nanoparticles in this direction are scarce. However, for other types of nanoparticles, enough literature has been developed. For example, Abu-Nada and Chamkha \[[@CR16]\] studied mixed convection flow of a nanofluid. They considered lid-driven cavity along with wavy wall. Ajmera \[[@CR17]\] investigated experimentally mixed convection in multiple ventilated enclosures with discrete heat source. \[[@CR18]--[@CR25]\] also reported similar studies.

In nanofluids, chemical reaction of nanoparticles with base fluid is required to take place in such problems to absorb the suspended particles within the base fluid. Various authors studied heat and mass transfer problems with chemical reaction. Among them, Kandasamy \[[@CR26]\] studied impact of chemical reaction on Cu, $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{Al}}_{2} {\text{O}}_{3}$$\end{document}$ and SWCNTs-nanofluid flow under slip conditions. Pal and Biswas \[[@CR27]\] and Odat and Azab \[[@CR28]\] used perturbation analysis to study magneto-hydrodynamics flows with chemical reactions.

In the present work, we have chosen gold nanoparticles due to its high thermal conductivity and adjustable surface chemistry. More exactly, this work is concentrated on MHD mixed convection Poiseuille flow of fluid with gold (AuNP) nanoparticles passing taking thermal radiation, thermal diffusion and chemical reaction into account with porosity. The problem is solved analytically impacts of cylindrical shape gold nanoparticles on MHD mixed convection Poiseuille flow of nanofluid passing through a porous medium under the influence of thermal radiation, thermal diffusion and chemical reaction. This research mainly focuses on gold nanoparticles; however, for the sake of comparison, four other types of nanoparticles namely silver, copper, alumina and magnetite are analyzed for the heat transfer rate. Analytical solutions are computed using the perturbation technique and discussed in various plots and tables. Although many researchers have done experimental work on gold nanoparticles, very less work has been done on this topic analytically.

Formulation and solution of the problem {#Sec2}
=======================================

Consider MHD mixed convection flow of a nanofluid composed of gold nanoparticles (AuNP) suspended in kerosene oil taken as base fluid in a vertical channel with saturated porous medium in the presence of chemical reaction. Mixed convection is induced by buoyancy force and external pressure gradient. This fluid is made electrically conductor by applying a magnetic field perpendicular to the flow. Both plates temperature and concentration $\documentclass[12pt]{minimal}
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                \begin{document}$$T_{w} ,\,C_{w}$$\end{document}$ are supposed to be high sufficiently and generate the radiative heat transfer as in Makinde and Mhone \[[@CR29]\]. The physical geometry of the problem is shown in Fig. [2](#Fig2){ref-type="fig"}. Under the above assumptions, the problem is governed by the following set of partial differential equations:$$\documentclass[12pt]{minimal}
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Fluid velocity is in the *x*-direction, denoted by $\documentclass[12pt]{minimal}
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                \begin{document}$${\text{nf}}$$\end{document}$ corresponds to nanofluid. The pulsatile pressure gradient used by Hayat et al. \[[@CR30]\] defined as $\documentclass[12pt]{minimal}
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                \begin{document}$$\omega$$\end{document}$ signifies the frequency of oscillation.

Thermal conductivity and dynamic viscosity are defined by Hamilton and Crosser model \[[@CR31]\], as this model can be used for both kinds of nano-particles, i.e., spherical and non-spherical; see for example Aaiza et al. \[[@CR22]\]. This model is defined as:$$\documentclass[12pt]{minimal}
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After simplification, Eqs. ([9](#Equ9){ref-type=""})--([11](#Equ11){ref-type=""}) take the forms:$$\documentclass[12pt]{minimal}
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Using Eqs. ([17](#Equ17){ref-type=""})--([19](#Equ19){ref-type=""}) into Eqs. ([13](#Equ13){ref-type=""})--([15](#Equ15){ref-type=""}), the below system of ODE's is obtained:$$\documentclass[12pt]{minimal}
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Using Eqs. ([17](#Equ17){ref-type=""})--([19](#Equ19){ref-type=""}), the boundary conditions become:$$\documentclass[12pt]{minimal}
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Solutions of Eqs. ([22](#Equ22){ref-type=""}) and ([23](#Equ23){ref-type=""}) using boundary conditions ([29](#Equ29){ref-type=""}) and ([30](#Equ30){ref-type=""}) are:$$\documentclass[12pt]{minimal}
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Equation ([18](#Equ18){ref-type=""}), using Eqs. ([33](#Equ33){ref-type=""}) and ([34](#Equ34){ref-type=""}), gives$$\documentclass[12pt]{minimal}
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Equations ([24](#Equ24){ref-type=""}) and ([25](#Equ25){ref-type=""}) under boundary conditions ([31](#Equ31){ref-type=""}) and ([32](#Equ32){ref-type=""}) give$$\documentclass[12pt]{minimal}
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Equations ([21](#Equ21){ref-type=""}) and ([22](#Equ22){ref-type=""}) result:$$\documentclass[12pt]{minimal}
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Finally, substituting Eqs. ([38](#Equ38){ref-type=""})--([40](#Equ40){ref-type=""}) into Eq. ([17](#Equ17){ref-type=""}), we get:$$\documentclass[12pt]{minimal}
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Skin Friction and Nusselt Number {#Sec3}
================================

The skin friction and heat transfer rate are computed from Eqs. ([35](#Equ35){ref-type=""}) and ([41](#Equ41){ref-type=""}) as follows:$$\documentclass[12pt]{minimal}
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Graphical results and discussion {#Sec4}
================================

Heat and mass transfer flow of nanofluids inside a channel is analyzed with radiation impact. Mixed convection MHD, chemical reaction, thermal diffusion with saturated porous medium is taken into account. Cylindrical shaped $\documentclass[12pt]{minimal}
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